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A HEAT -SENSITIVE RECORDING SHEET AND PROCESS FOR PRODUCING THE 
SAME 

(57) [Abstract] 
[Object] 

To provide a heat -sensitive recording sheet excellent in light 
resistance, plastlclzer resistance, oil resistance, head 
matching properties and gloss, and the process for producing 
the same. 
[Solutions] 

A Heat -sensitive recording sheet comprising a laminate of a 
heat -sensitive recording layer, an intermediate layer and an 
overcoat layer containing a resin cured by electron beam 
Irradiation, or a heat -sensitive recording sheet further 
provided with an overcoat layer containing as main components 
a pigment and an aqueous resin on the layer containing the resin 
cured by electron beam irradiation. Specifically, a resin 
obtained by curing a reactive double bond-containing 
benzotrlazole-based ultraviolet absorber and an electron beam 
curable resin together is employed as the resin cured by electron 
beam irradiation. A process for producing the heat -sensitive 
material Includes the steps of : forming the overcoat layer 
containing as main components a pigment and an aqueous resin 
on a plastic film or a metal drum serving as a release medium, 
binding the overcoat layer to a layer containing a resin curable 
by electron beam irradiation, irradiating to layers with 
electron beam and transferring the overcoat layer to the layer 
containing the resin cured by electron beam irradiation, thereby 
obtaining the heat -sensitive recording sheet. 



[ Claims ] 

[Claim 1] A heat - sensitive recording sheet comprising 
a support, and a laminate formed on the support, the 
laminate comprising a heat - sensitive recording layer 
5 containing as main components a colorless or a 

pale-colored basic dye, a color developer and a binder, 
an intermediate layer and an overcoat layer containing 
a resin cured by electron beam irradiation, 
characterized in that 

10 a resin obtained by curing a reactive double 

bond- containing benzotriazole- based ultraviolet 
absorber and an electron beam curable resin together is 
employed as the resin cured by electron beam irradiation. 
[Claim 2] A heat - sensitive recording sheet comprising 

15 a support, and a laminate formed on the support, the 
laminate comprising a heat - sensitive recording layer 
containing as main components a colorless or a 
pale-colored basic dye, a color developer and a binder, 
a first intermediate layer, a second intermediate layer 

20 containing a resin cured by electron beam irradiation 
and an overcoat layer containing as main components a 
pigment and an aqueous resin, characterized in that 

a resin obtained by curing a reactive double 
bond- containing benzotriazole -based ultraviolet 

25 absorber and an electron beam curable resin together is 
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employed as the resin cured by electron beam irradiation. 
[Claim 3] The heat - sensitive recording sheet according 
to claim 1 or 2, wherein the reactive double 
bond- containing benzotriazole- based ultraviolet 
5 absorber is 2 - [ 2 ' -hydroxy- 5 ' - ( 2 ' ' - 

methacryloxyethyl ) phenyl ] benzotriazole . 
[Claim 4] The heat - sensitive recording sheet according 
to claim 1 or 2 , wherein the reactive double 
bond- containing benzotriazole -based ultraviolet 
10 absorber is 2 - ( 2 ' -hydroxy- 3 ' -allyl- 5 ' - 
methylphenyl ) benzotriazole . 

[Claim 5] A process for producing a heat - sensitive 
recording sheet comprising a support and a laminate 
formed on the support, the laminate comprising a 

15 heat-sensitive recording layer containing as main 

components a colorless or a pale-colored basic dye, a 
color developer and a binder, a first intermediate layer, 
a second intermediate layer containing a resin cured by 
electron beam irradiation and an overcoat layer 

20 containing as main components a pigment and an aqueous 
resin, the process comprising the steps of 

forming on the first intermediate layer the second 
intermediate layer, in which a reactive double 
bond- containing benzotriazole -based ultraviolet 

25 absorber and an electron beam curable resin co-exist, 
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separately forming an overcoat layer containing as 
main components a pigment and an aqueous resin on a 
plastic film or a metal drum surface having mirror 
smoothness employed as a release medium, 
5 binding the second intermediate layer surface to 

the overcoat layer surface, 

curing the layers by electron beam irradiation from 
the film surface side or from the support surface side, 
and 

10 releasing the overcoat layer from the release 

medium. 

[Detailed description of the present invention] 
[0001] 

[Technical Field to Which the Invention Pertains] 
15 The present invention relates to a heat - sensitive 

recording sheet, and more particularly to a 
heat-sensitive recording sheet excellent in light 
resistance, plasticizer resistance, oil resistance, 
head matching properties and gloss, and a process for 
20 producing the same. 
[0002] 
[Prior Art] 

Conventionally, a heat - sensitive recording sheet 
is well known which makes use of the color forming 
25 reaction of a colorless or a pale-colored lueco dye with 
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a color-developer which develops a color on contact with 
the leuco dye. such that the two materials are brought 
into contact with each other by heating to produce a color 
image. The heat-sensitive recording sheet is relatively 

5 inexpensive, and recording devices for the material are 
compact and relatively easy to maintain. Consequently, 
such a recording sheet is widely used as recording media 
for facsimile systems and various computers as well as 
a heat-sensitive label or the like. However, the 

10 heat-sensitive recording sheet has disadvantages in 
fingerprint resistance and solvent resistance. For 
example , when the recording layer is contacted with human 
sebum or a solvent, recording density is reduced or 
undesired color development, i.e., so-called background 

15 fogging occurs. 
[0003] 

On the other hand, applications that demand a 
heat-sensitive recording sheet with excellent light 
resistance have recently been increasing. In order to 

20 improve light resistance, the use of an ultraviolet 
absorber has been proposed. However, the 
heat-sensitive recording sheet containing the same in 
a heat-sensitive recording layer is not endowed with 
sufficient light resistance, produces undesired 

25 background fogging or exhibits reduced stability of 
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recorded images. The ultraviolet absorber, when 
contained in an overcoat layer, entails the problem of 
residual substances sticking to a printer head and 
reduced surface barrier properties such as plasticizer 
resistance, oil resistance and the like. At the moment, 
the use of an overcoat layer containing a resin cured 
by electron beam irradiation cannot completely realize 
sufficient prevention of the generation of residual 
substances sticking to the printer head, or sufficient 
improvement in plasticizer resistance, oil resistance, 
etc . 
[0004] 

[Problem to be Solved by the Invention] 

The present inventors conducted extensive research 
to overcome the above-mentioned problems in the prior 
art heat-sensitive recording sheets. As a result, the 
present invention provides a heat - sensitive recording 
sheet in which a heat - sensitive recording layer, an 
intermediate layer and an overcoat layer containing a 
resin cured by electron beam irradiation are laminated 
on a substrate, or such a heat - sensitive recording sheet 
further comprising an overcoat layer on the layer 
containing the resin cured by electron beam irradiation 
serving as a second intermediate layer. Specifically, 
the above heat - sensitive recording sheet has superior 
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light resistance, plasticizer resistance and oil 
resistance since a specific resin obtained by curing 
ultraviolet absorber and electron beam curable resin 
together is used as the resin cured by electron beam 
5 irradiation. The present invention also provides a 
process for producing the same. 
[0005] 

[Means for Solving the Problem] 

The present invention provides a heat - sensitive 

10 recording sheet comprising a support and a laminate 
formed on the support, the laminate comprising a 
heat-sensitive recording layer containing as main 
components a colorless or a pale-colored basic dye, a 
color developer and a binder, an intermediate layer and 

15 an overcoat layer containing a resin cured by electron 
beam irradiation, or a heat - sensitive recording sheet 
comprising a support, and a laminate formed on the 
support, the laminate comprising a heat - sensitive 
recording layer containing as main components a 

20 colorless or a pale-colored basic dye, a color developer 
and a binder, a first intermediate layer, a second 
intermediate layer containing a resin cured by electron 
beam irradiation and an overcoat layer containing as main 
components a pigment and aqueous resin, characterized 

25 in that a resin obtained by curing a reactive double 
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bond-containing benzotriazole-based ultraviolet 
absorber and an electron beam curable resin together is 
employed as the resin cured by electron beam irradiation. 
[0006] 

5 The present invention further provides a process 

for producing a heat-sensitive recording sheet 
comprising a support and a laminate formed on the support, 
the laminate comprising a heat - sensitive recording layer 
containing as main components a colorless or a 

10 pale-colored basic dye, a color developer and a binder, 
a first intermediate layer, a second intermediate layer 
containing a resin cured by electron beam irradiation 
and an overcoat layer containing as main components a 
pigment and an aqueous resin, the process comprising the 

15 steps of: forming on the first intermediate layer the 
second intermediate layer in which a reactive double 
bond- containing benzotriazole-based ultraviolet 
absorber and an electron beam curable resin co-exist, 
separately forming an overcoat layer containing as main 

20 components a pigment and an aqueous resin on a plastic 
film or a metal drum surface having mirror smoothness 
employed as a release medium, binding the second 
intermediate layer surface to the overcoat layer surface, 
curing the layers by electron beam irradiation from the 

25 film surface side or from the support surface side, and 
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releasing the overcoat layer from the release medium. 
[0007] 

[Modes for Carrying Out the Invention] 

The present inventors conducted extensive research 
5 to improve a conventional heat - sensitive recording sheet 
having the above-described disadvantages, i.e., having 
drawbacks, in light resistance, plasticizer resistance 
and oil resistance. As a result, we developed the 
present invention. More specifically, the present 

10 invention provides a heat - sensitive recording sheet 

comprising a support and a laminate formed on the support, 
the laminate comprising a heat - sensitive recording layer 
containing as main components a colorless or a 
pale-colored basic dye, a color developer and a binder, 

15 an intermediate layer and an overcoat layer containing 
a resin cured by electron beam irradiation, or a 
heat-sensitive recording sheet comprising a support and 
a laminate formed on the support , the laminate comprising 
a heat-sensitive recording layer containing as main 

20 components a colorless or a pale-colored basic dye, a 
color developer and a binder; a first intermediate layer; 
a second intermediate layer containing a resin cured by 
electron beam irradiation and an overcoat layer 
containing as main components a pigment and an aqueous 

25 resin, and a process for producing the same. 
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Specifically, the present inventors found for the first 
time that when a resin obtained by curing a reactive 
double bond-containing benzotriazole-based ultraviolet 
absorber and an electron beam curable resin together is 
5 employed as the above resin cured by electron beam 

irradiation, a heat-sensitive recording sheet excellent 
in light resistance, solvent resistance and oil 
resistance can be obtained as desired in the present 
invention . 
10 [0008] 

Hereinafter, the present invention will be 
described in detail. In the present invention, 
colorless or pale-colored basic dyes useful for 
incorporation into a heat - sensitive recording layer 

15 include various known basic dyes. Examples are 
3 , 3-bis(p-dimethylaminophenyl) -6- 
dimethylaminophthalide , 3 , 3-bis(p- 
dimethylaminophenyl)phthalide, 3- (p- 
dimethylaminophenyl ) - 3 - ( 1 , 2 - dimethylindole - 3 - yl ) 

20 phthalide and like triaryl methane-based dyes, 4,4'- 
bis-dimethylamino benzhydryl benzyl ether, N- 
halophenyl-leuco auramine , N-2 , 4 , 5 - trichlorophenyl 
leuco auramine and like diphenylmethane -based dyes, 
benzoyl lueco methylene blue, p-nitro benzoyl leuco 

25 methylene blue and like thiazine-based byes , 
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3 -methyl -spiro-dinaphthopyran , 3 -ethyl- spiro - 
dinaphthopyran , 3 - phenyl - spiro - dinaphthopyran , 3 - 
benzyl-spiro-dinaphthopyran, 3 -methyl-naphtho- (6 ' - 
methoxybenzo ) -spiropyran , 3 -propyl- spiro -dibenzopir an 
5 and like spiro-based dyes, rhodamine-B anilinolactam, 
rhodamine ( p-nitroanilino ) lactam , rhodamine ( o - 
chloroanilino ) lactam and like lactam-based dyes, 
3- (N- ethyl -N- isoamylamino ) - 6 -methyl- 7 -anilinof luoran , 
3- (N- ethyl- N- isoamylamino ) - 7 -chloroanilino f luoran , 
10 3 - dibutylamino - 7 - chloroanilinof luoran , 3 - 

dibutylamino-6-methyl-7-anilinof luoran and like 

f luoran-based dyes, etc. 

[0009] 

Color developers which develop a color on contact 
15 with basic dyes include various known basic dyes. 

Examples are 2 , 2 -bis ( p-hydroxyphenyl ) propane , 1,1-bis 
( p-hydroxyphenyl ) propane , 2 , 2 -bis (p-hydroxyphenyl ) 
pentane , 1 , 1 -bis ( p-hydroxyphenyl ) pentane , 
dihydroxydiphenyl ether, 4,4' - cyclohexylidenediphenol f 
20 4,4' -dihydroxydiphenylsulf one, 2,4'- 

dihydroxydiphenylsulf one, 4-hydroxy-4 ' - 
isopropyloxydiphenylsulf one , bis ( 3-allyl- 4 - 
hydroxyphenyl ) sulf one and like phenol derivatives, zinc 
3 , 5 -di-tert- butyls alley late , zinc 4- [ 2- (p- 
25 methoxyphenoxy)ethyloxy] salicylate, zinc 4-[3-(p- 
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tolylsulf onyl)propyloxy ] salicylate and like zinc salts 
of aromatic carboxylic acids, and additionally 
N- (p-toluenesulf onyl) -N ' -phenylurea, N- (p- 
toluenesulf onyl ) -N ' - (p-tolyl) urea, 1- [ a-methyl-a- 
5 ( 4 ' -hydroxyphenyl) ethyl] -4- [a' , a' -bis ( 4 ' ' - 
hydroxyphenyl) ethyl] benzene, 4,4' -bis (N-p- 
toluenesulf onylaminocarbonylamino ) diphenylmethane , 
etc. It should be noted that the present invention is 
not limited to the above-described color developers. 
10 [0010] 

The proportions of the basic dye and the developer 
in the heat - sensitive recording layer are not 
particularly limited and can be suitably selected 
depending on the kinds of the basic dye and the developer 
15 to be used. The developer is used in an amount of about 
1 to 50 parts by weight, more preferably about 1 to 10 
parts by weight, per part by weight of the basic dye. 
[0011] 

A sensitizer may be employed so as to improve 
20 recording sensitivity of the heat -sensitive recording 
sheet. Examples of the sensitizer are p-benzylbiphenyl , 
dibenzyl terephthalate , dibenzyl oxalate, 
di(p-chlorobenzyl) oxalate, di ( p-methylbenzyl ) oxalate, 
dibutyl terephthalate, di ( o-chlorobenzyl ) adipate, 
25 1 , 2-diphenoxyethane, 1 , 2 - di ( 3 -methylphenoxy ) ethane , 
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l-phenoxy-2- ( 4 -methylphenoxy) ethane , l,2-bis(3,4- 
dimethylphenyl ) ethane # p-xylene glycol bis(p- 
tolyloxymethyl ) ether , 1 , 4 -bis ( p- tolyloxy ) benzene , 
1 , 2-di( 3 -methylphenoxy) ethane, 3 -phenyl- 1 , 1 ' - 
5 biphenyl, diphenyl sulf one , diphenyl carbonate, stearic 
acid amide, ethylenebis-stearamide , methylol 
behenamide, olenamide, palmitic acid amide, and so on. 
[0012] 

Further, if desired, various kinds of auxiliaries 
10 may be added to the heat-sensitive recording layer 

coating composition. Examples of the auxiliaries are 
sodium dioctylsulf osuccinate , sodium dodecylbenzene 
sulfonate, sodium lauryl sulfate, alginates, fatty acid 
metal salts and like dispersing agents, and 
15 1,1 , 3-tris ( 2 -methyl -4 -hydroxy- 5- 

cyclohexylphenyl) butane , 1,1, 3-tris ( 2-methyl-4- 
hydroxy- 5 - tert - butylphenyl ) butane , 2,2 ' - 
methylenebis ( 4 , 6-di- tert-butylphenyl) sodium 
phosphate and like print stability- improving agents, 
20 antifoaming agents, fluorescent dyes, coloring dyes, 
etc . 
[0013] 

Further, if desired, calcium carbonate , zinc oxide, 
aluminium oxide, titanium dioxide, silicon dioxide, 
25 aluminium hydroxide , barium sulf ate , zinc sulfate, talc. 
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kaolin, clay, calcined clay, colloidal silica and like 
inorganic pigments , and styrene-microball , nylon powder, 
polyethylene powder, urea formalin resin filler and like 
organic pigments may be added as appropriate, 
5 [0014] 

The heat-sensitive recording layer coating 
composition containing the materials as described above 
can be prepared, for example, by pulverizing the 
above-mentioned materials in water serving as a 

10 dispersion medium, either jointly or separately, using 
a mixer or a pulverizer such as a sand mill, attritor 
or the like. Examples of binders to be incorporated into 
the coating composition include a water-dispersible 
resin and a water-soluble resin as described below. The 

15 water-dispersible resins include styrene-butadiene 
copolymer emulsion, vinyl acetate- vinyl chloride - 
ethylene copolymer emulsion, methyl methacrylate- 
butadiene copolymer emulsion, etc. The water-soluble 
resins include starch, hydroxyethyl cellulose, methyl 

20 cellulose, carboxymethyl cellulose, gelatin, casein, 
gum arable, polyvinyl alcohol, diisobutylene-maleic 
anhydride copolymer salts, styrene-maleic anhydride 
copolymer salts, ethylene-acrylic acid copolymer salts, 
sthylene-acrylic acid copolymer salts, etc. The 

25 preferable amount of the binder to be used is in the range 
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of about 20 to 50% by weight, preferably about 25 to 40% 
by weight, based on the weight of the solids of the 
heat- sensitive recording layer. 
[0015 ] 

5 Coating methods of the heat - sensitive recording 

layer coating composition are not particularly limited 
and include various kinds of known techniques, such as 
a bar coating method, an air-knife coating method, a rod 
blade coating method, a pure blade coating method, a 

10 short dwell coating method, a microgravure coating 

method or the like, by which the coating composition is 
applied, and then the resulting layer is dried. The 
amount of the coating composition to be applied is not 
particularly limited and is generally in the range of 

15 about 2 to 20 g/m 2 on a dry weight basis , preferably about 
3 to 15 g/m 2 . The support surface may be subjected to 
corona discharge or electron beam irradiation, thereby 
improving coating efficiencies. 
[0016] 

20 In the heat - sensitive recording sheet according to 

the present invention, an intermediate layer is first 
formed on the heat-sensitive recording layer thus 
obtained. In this case, a coating composition 
containing as main components a pigment and an aqueous 

25 resin is employed as such an intermediate layer. 
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Examples of the aqueous resin employed in the 
intermediate layer are completely saponified polyvinyl 
alcohol; partially saponified polyvinyl alcohol; 
acetoacetylated polyvinyl alcohol in which the 
5 acetoacetyl group is induced by reacting diketene to a 
polyvinyl alcohol; reaction products of a polyvinyl 
alcohol and a polyhydric carboxylic acid such as fumaric 
acid, fumaric anhydride, trimellitic anhydride, 
itaconic anhydride, or esters of the reaction products; 

10 carboxy-modif led polyvinyl alcohol obtained by 
saponifying a copolymer of vinyl acetate and an 
ethylenically unsaturated carboxylic acid such as maleic 
acid, fumaric acid, itaconic acid, crotonic acid, 
acrylic acid, methacrylic acid, etc; sulfonic 

15 acid-modified polyvinyl alcohol obtained by saponifying 
a copolymer of vinyl acetate and an olefin sulfonic acid 
such as ethylene sulfonic acid and allyl sulfonic acid 
or the salts thereof; olef in-modified polyvinyl alcohol 
obtained by saponifying a copolymer of vinyl acetate and 

20 olefins such as ethylene, propylene, isobutylene, 
a-octene, a-dodecene, a-octadodecene , or the like; 
nitrile-modif ied polyvinyl alcohol obtained by 
saponifying a copolymer of vinyl acetate and a nitrile 
such as acrylonitrile , methacrylonitrile , or the like; 

25 amide-modified polyvinyl alcohol obtained by 
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saponifying a copolymer of vinyl acetate and an amide 
such as acrylamide, methacrylamide , etc; 
pyrolidone-modif ied polyvinyl alcohol obtained by 
saponifying a copolymer of vinyl acetate and N-vinyl 
pyrolidone; cellulose derivatives such as methyl 
cellulose, ethyl cellulose, hydroxyethyl cellulose, 
carboxymethyl cellulose : casein; gum arable; starch such 
as oxidized starch, etherif ied starch, dialdehyde starch 
or esterified starch; s tyrene-butadiene copolymer 
emulsion, vinyl acetate -vinyl chloride-ethylene 
copolymer emulsion , methacrylate -butadiene copolymer 
emulsion, polyurethane emulsion, etc. Among the 
above-described aqueous resins, various kinds of 
modified polyvinyl alcohols, cellulose derivatives and 
casein are particularly preferable. More preferable is 
acetoacetylated polyvinyl alcohol or carboxy-modif ied 
polyvinyl alcohol from the standpoint of the heat 
resistance or barrier properties. The amount of such 
aqueous resin to be used is not particularly limited and 
is in the range of 10 to 50% by weight, preferably 15 
to 40% by weight, based on the weight of the solids of 
the intermediate layer coating composition. 
[0017] 

Examples of pigments to be used in the intermediate 
layer are inorganic pigments such as calcium carbonate, 
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zinc oxide, aluminum oxide, titanium dioxide, silicon 
dioxide, aluminum hydroxide, barium sulfate, zinc 
sulfate, talc, kaolin, clay, calcined clay, colloidal 
silica, etc; or organic pigments such as 
styrene-microball , nylon powder, polyethylene powder, 
urea-formalin filler, raw starch grain, and the like. 
The amount of the pigment to be used is generally in the 
range of about 5 to 500 parts by weight , preferably about 
80 to 350 parts (expressed in terms of solids) per 100 
parts by weight of the aqueous resin component. 
[0018] 

It is preferable that a curing agent is 
incorporated into the intermediate layer coating 
composition (coating dispersion) so as to improve water 
resistance. Examples of curing agents include glyoxal , 
methylol melamine, potassium persulfate, ammonium 
persulfate, sodium persulfate, ferric chloride, 
magnesium chloride, boric acid, ammonium chloride and 
the like. If desired, various kinds of auxiliaries may 
be added. Examples of auxiliaries include zinc stearate, 
calcium stearate, stearic acid amide, potassium stearyl 
phosphate, polyethylene wax , carnaubawax, paraffin wax, 
ester wax and like lubricants, sodium 

dioctylsulf osuccinate , sodium dodecylbenzene sulfonate, 
sodium lauryl sulfate, alginates, fatty acid metal salt 
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and like surfactants, antifoaming agents, fluorescent 

dyes, coloring dyes, etc* 

[0019] 

The coating composition for forming the 
intermediate layer is generally prepared as an aqueous 
coating composition, and is, if desired, sufficiently 
mixed and dispersed by a mixer or a pulverizer such as 
attritor, a ball mill, a roll mill or the like, and then 
is applied to the heat - sensitive recording layer with 
various kinds of known coating apparatuses. After the 
application, the resulting coating layer may be dried 
and cured by ultraviolet or electron beam irradiation. 
The amount of the intermediate layer coating composition 
(after drying) is not particularly limited. In the case 
of less than 0.1g/m 2 , the desired effects would not be 
fully realized, whereas in the case of more than 20g/m 2 , 
recording sensitivity of the heat - sensitive recording 
sheet is likely to be noticeably reduced. Therefore, 
the amount of the intermediate layer coating composition 
is suitably selected from the range of about 0.1 to 20 
g/m 2 , preferably about 0.5 to 10 g/m 2 , on a dry weight 
basis. If desired, a coating layer similar to the 
intermediate layer may be formed on the rear side of the 
heat - sensitive recording sheet to improve print 
stability more. Further, various kinds of known 
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techniques in a field of heat- sensitive recording sheet 
production may be additionally employed, if desired. 
Such known techniques include forming an undercoating 
layer on the support; conducting smoothing treatment 
5 with a super calender; applying adhesive to the rear side 
of the recording sheet to obtain a pressure sensitive 
adhesive label; or the like. 
[0020] 

The present invention provides a heat-sensitive 
10 recording sheet (finished layer construction) in which 
an overcoat layer containing a resin cured by electron 
beam irradiation is laminated on the intermediate layer 
thus obtained, or a layer containing a resin cured by 
electron beam irradiation serving as a second 
15 intermediate layer is formed on the intermediate layer 
and an overcoat layer containing as main components a 
pigment and an aqueous resin is further laminated thereon. 
Specifically, the present invention is characterized in 
that a resin cured by electron beam irradiation of a 
20 system in which the reactive double bond- containing 
benzotriazole-based ultraviolet absorber and an 
electron beam curable resin co-exist is used as the resin 
cured by electron beam irradiation. 
[0021] 

25 The electron beam curable resin to be employed in 
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the present invention includes the following monomers, 
oligomers, or mixtures thereof. 

(A) Radical polymerizable monof unct ional 
monomers, such as acrylic acid, ethyl acrylate, hexyl 

5 acrylate, 2-ethylhexyl acrylate, 2 -hydroxyethyl 

acrylate, 2 -hydroxypropyl acrylate , tetrahydrof urf uryl 
acrylate, phenoxyethyl acrylate, tolyloxyethyl 
acrylate , nonylphenoxyethyl acrylate , 
tetrahydrof urf uryloxyethyl acrylate , 1 , 3 -dioxolane 

10 acrylate, phenoxy diethylene glycol acrylate , benzyl 
acrylate, butoxyethyl acrylate, cyclohexyl acrylate, 
dicyclopentanyl acrylate, dicyclopentenyl acrylate, 
glycidyl acrylate, carbitol acrylate, isobonyl acrylate, 
and the like . 

15 [0022] 

(B) Radical polymerizable multifunctional 
monomers, such as 1 , 6 -hexanediol diacrylate, neopentyl 
glycol diacrylate, diethylene glycol diacrylate, 
tripropylene glycol diacrylate, dicyclopentanyl 

20 diacrylate, butylene glycol diacrylate, 

pentaerythritol diacrylate , trimethylolpropane 
triacrylate , propylene oxide -modified 
trimethylolpropane triacrylate , pentaerythritol 
triacrylate , ditrimethylolpropane tetracrylate , 

25 dipentaerythritol hexacrylate , caprolactone - modified 
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dipentaerythritol hexacrylate , tetramethylolmethane 

tetracrylate , and the like. 

[0023] 

(C) Radical polymerizable oligomers 
5 ( prepolymers ) , such as polyester ( poly ) acrylate , 
polyurethane ( poly ) acrylate , epoxy ( poly ) acrylate , 
polyol (poly )acrylate, silicone ( poly ) acrylate , and the 
like. Further, 2 - chloroethyl vinyl ether, 
2 -hydroxyethyl vinyl ether, 4 -hydroxybutyl vinyl ether, 
10 triethylene glycol divinyl ether, 1,4- 

cyclohexanedimethanol divinyl ether and like cationic 
polymerization monomers and/or oligomers may be 
employed . 
[0024] 

15 When the cationic polymerization monomer and/or 

oligomer is contained, a cationic polymerization 
initiator is required. The cationic polymerization 
initiator is not particularly limited as long as it 
initiates the cationic polymerization by electron beam 

20 irradiation, and includes diazonium salts, iodonium 

salts, sulfonium salts, metallocene compounds and the 
like. The amount of the cationic polymerization is 
preferably about 0.1 to 10 parts by weight per 100 parts 
by weight of the cationic polymerization monomer and/or 

25 oligomer. If the amount is less than 0.1 part by weight. 



polymerization initiating ability is prone to be 
insufficient. If it is more than 10 parts by weight, 
not only the effectiveness is saturated, but also the 
cationic polymerization initiator, insufficiently 
5 dissolved, might reduce transparency of the coating film. 
Further, it is particularly preferable to employ 
electron beam curable resin having a glass transition 
temperature (Tg) of more than 150°C after being cured 
because the cured resin is endowed with an excellent 
10 effect of preventing sticking to a printer head in 
high-speed recording . 
[0025] 

In addition to the above-described electron beam 
curable prepolymers or monomers, additives such as non- 
15 electron beam-curable resins, antifoaming agents, 
leveling agents, lubricrants, surfactants, 
plasticizers , ultraviolet absorbers, fluorescent dyes, 
coloring dyes , pigments, fluorescent pigment s , coloring 
pigments, can be added, if so desired, to the electron 
20 beam curable resin components as long as effects of the 
present invention are not impaired. 
[0026] 

Examples of non-electron beam-curable resins 
include acrylic resins, silicon resins, alkyd resins, 
25 fluorine-containing resins, butyral resin and the like. 
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According to the present invention, a resin obtained by 
curing the reactive double-bond containing 
benzotriazole-based ultraviolet absorber and electron 
beam curable resin together is contained in the layer 
5 containing the electron beam cured resin. More 

specifically, the above-mentioned specific ultraviolet 
absorber is dissolved in, or kneaded or mixed with the 
electron beam curable resin, and the resulting mixture 
is irradiated with electron beam. Thus, the present 

10 inventors have found that when the specific ultraviolet 
absorber and the electron beam curable resin are mixed 
and allowed to co-exist, residual substances sticking 
to the printer head can be reduced and surface barrier 
properties such as plasticizer resistance and oil 

15 resistance can be improved to a large degree. Such 

problems would occur when employing a usual ultraviolet 
absorber which cannot be cured together with the electron 
beam curable resin. The reactive double 
bond- containing benzotriazole-based ultraviolet 

20 absorber is used in an amount of about 1 to 50% by weight, 
preferably 5 to 40% by weight, based on the weight of 
the solids of the layer containing the ultraviolet 
absorber. Also based on said solids, the electron beam 
curable resin which is cured together is used in an amount 

25 of 10 to 99% by weight. 
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[0027 ] 

Examples of reactive double bond-containing 
benzotriazole-based ultraviolet absorbers are 
benzotriazole-based ultraviolet absorbers containing 
5 (meth)acryloyl, allyl or vinyl group, such as 
2- [2' -hydroxy- 5' -(2' ' - 

methacryloxyethyl ) phenyl ] benzotriazole , 
2- ( 2 ' -hydroxy- 3 ' -allyl -5 ' -methylphenyl ) benzotriazole , 
or the like. 
10 [0028] 

Combinations of the reactive double bond- 
containing benzotriazole-based ultraviolet absorber 
and the electron beam curable resin are not particularly 
limited. However, from the viewpoint of reactivity, 

15 2- [ 2 ' -hydroxy-5 ' - ( 2 ' ' - 

methacryloxyethyl ) phenyl ] benzotriazole having the 
methacryloxyethyl as its functional group is 
particularly preferable for carrying out free-radical 
polymerization with an acrylic resin. In the case of 

20 2- ( 2 ' -hydroxy- 3 ' -allyl- 5 ' -methylphenyl ) benzotriazole 
having the allyl group as its functional group, cationic 
polymerization with vinyl ether-based resin is 
particularly preferable. 
[0029] 

25 The above-mentioned reactive double 
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bond- containing benzotriazole- based ultraviolet 
absorber and the electron beam curable resin component 
are sufficiently mixed by an appropriate agitating 
machine such as a mixer or the like, and the resulting 
5 mixture is applied to the intermediate layer by any of 
various known methods. If desired, the resin component 
may be warmed so as to adjust viscosity. The amount of 
the coating to be applied is not necessarily limited. 
However, if the amount is less than 0.1 g/m 2 , the effects 

10 as desired by the present invention are unlikely to be 
realized. If the amount is more than 20 g/m 2 , the 
heat-sensitive material to be obtained might be reduced 
in the recording sensitivity. Therefore, the amount is 
generally in the range of 0 . 1 to 20 g/m 2 , more preferably 

15 0.3 to 10 g/m 2 . 
[ 0030 ] 

The heat - sensitive recording sheet according to 
the present invention may also be obtained as described 
below. A coating layer containing an electron beam 

20 curable resin is formed as a second intermediate layer 
on the intermediate layer (first intermediate layer) 
containing as main components a pigment and an aqueous 
resin. Separately, an overcoat layer containing as main 
components a pigment and an aqueous resin is formed on 

25 a plastic film or a metal drum surface having mirror 
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smoothness serving as a release medium. Then, the 
second intermediate layer surface and the overcoat layer 
surface are bonded together, and cured by irradiation 
with an electron beam from the plastic film surface side 
5 or from the support surface side (if the metal drum is 
employed as the release medium) . Thereafter, the 
overcoat layer is transferred from the release medium 
to the second intermediate layer. The heat - sensitive 
recording sheet thus obtained exhibits excellent effects 

10 as contemplated by the present invention as well as 
superior surface gloss and image quality. As the 
overcoat layer in this case, a coating composition which 
contains as main components a pigment and an aqueous 
resin such as mentioned above with respect to the 

15 intermediate layer is employed. 
[0031] 

The plastic film employed as the release medium is 
not particularly limited and, for example, polyethylene 
terephthalate film, polypropylene film or the like is 

20 employed as appropriate. In order to improve adhesion 
between the layers, corona treatment may be applied to 
the surface of a layer containing electron beam curable 
resin and the surface of layer facing thereto, if 
required ♦ 

25 [0032] 
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In the present invention, electron beam 
irradiation is preferably conducted at a dose of 150 kGy 
or less. If excessive electron beam irradiation is 
carried out at a dose of more than 150 kGy, undesired 
color development or change of color might occur in the 
heat-sensitive recording sheet. The lower dose limit 
of electron beam irradiation is not particularly limited, 
but a dose of 10 kGy or more is preferable so as to obtain 
the desired effects. Electron-beam irradiation is 
carried out by a scanning method, a curtain beam method, 
or a broad beam method, etc. It is suitable to apply 
electron beam at an accelerating voltage of about 100 
KV to about 300 KV . Examples of the support include 
synthetic paper, plastic film, wood-free paper, coated 
paper or the like, and are not particularly limited 
thereto. After the overcoat layer is formed, the 
recording sheet may be, if desired, subjected to 
smoothing treatment with a super calender or the like, 
so that recording density can be improved and 
irregularity in recording density can be reduced. 
[0033] 
[EXAMPLES] 

The present invention will be described below 
in more detail with reference to the following examples 
to which, however, the invention is not limited. The 
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parts and percentages used in the examples are all by 
weight unless otherwise specified. 
[0034] Example 1 

1. Preparation of Composition A 
3 - di ( n -butyl ) amino - 6 -methyl - 7 - 

anilinofluoran 30 P arts 

5% aqueous solution of methyl- 

cellulose 5 P arts 

water 65 P arts 

This composition was pulverized to an average particle 

size of 2 urn with a sand mill. 
[0035] 

2. Preparation of Composition B 

2 , 2-bis (p-hydroxyphenyl)propane 50 parts 

5% aqueous solution of methyl- 

cellulose 5 P arts 

water 45 P arts 

This composition was pulverized to an average particle 

size of 2 um with a sand mill. 

[0036] 

3. Preparation of Composition C 
di(p-methylbenzyl)oxalate 40 parts 
5% aqueous solution of methyl- 
cellulose 5 P arts 
water 55 P arts 
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This composition was pulverized to an average particle 
size of 2 um with a sand mill. 
[0037 ] 

4. Formation of a recording layer 

A recording layer coating composition was prepared 
by mixing 50 parts of composition A, 100 parts of 
composition B, 35 parts of composition C, 30 parts (as 
solids) of SB-based latex (trade name; "Polylack 750K" , 
product of Mitsui Toatsu Chemicals, Inc.) and 45 parts 
of water. 
[0038 ] 

The coating composition thus obtained was 
transferred to a synthetic paper (trade name: "YUPO FPG" . 
product of Yupo corporation.) serving as a support with 
a gravure roll such that the coating amount after drying 
was 10 g/m 2 . Thereafter, the resulting coating was 
subjected to a smoothing treatment with a bar provided 
at the rear portion of the gravure roll such that a 
coating amount after drying was 5 g/m 2 , whereby a 
heat-sensitive recording sheet was obtained. 
[0039] 

5. Formation of an intermediate layer 

A heat-sensitive recording sheet provided with an 
intermediate layer was prepared by applying a coating 
composition having the following composition onto the 
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recording layer of the thus -obtained heat-sensitive 
recording sheet and drying the resulting layer in such 
a manner that a coating amount after drying was 2 g/m 2 : 

10% aqueous solution of 

acetoacetylated polyvinyl 

alcohol (trade name; "Z-200", 

product of The Nippon Synthetic 

Chemical Industry Co., Ltd.) 100 parts 

Kaoline (trade name; "UW-90", 

product of Engelhard Corporation) 20 parts 

5% aqueous solution of glyoxal 2 parts 

water 40 parts 

[0040] 

5 6. Formation of an overcoat layer 

90 parts of pentaerythritol triacrylate (trade 
name; n PET-3 B , product of Dai-ichi Kogyo Seiyaku Co., 
Ltd.), 10 parts of calcium carbonate and 20 parts of 
2- [ 2 ' -hydroxy- 5 ' - ( 2 ' ' - 

10 methacryloxyethyl ) phenyl ] benzotriazole were kneaded 
with a three roll mill. Then, the mixture thus obtained 
was applied onto the intermediate layer such that a 
coating amount after drying was 2 g/m 2 . Thereafter, the 
resin components were cured by electron beam irradiation 

15 at a dose of 40 kGy with an electron-curtain type electron 
beam accelerator (CB: 150 type, product of Energy 
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Sciences, Inc), thereby obtaining a finished 
heat-sensitive recording sheet provided with an overcoat 
layer containing an electron beam cured resin. 
[0041] Example 2 
5 The procedure of Example 1 was repeated except that 

before irradiating the overcoat layer with electron beam, 
a coating composition having the following composition 
(to be an overcoat layer) was separately applied onto 
a polyethylene terephthalate film having a thickness of 

10 38 fxm, and the resulting layer was dried, such that a 
coating amount after drying was 2 g/m 2 . Then, the 
coating surface was brought into contact with the 
electron beam curable resin surface. Thereafter, the 
resin components were cured by electron beam irradiation 

15 from the film surface side at a dose of 40 kGy with an 
electron-curtain type electron beam accelerator ( CB : 150 
type, product of Energy Sciences, Inc). Then, the 
polyethylene terephthalate film was peeled off, whereby 
a finished heat - sensitive recording sheet provided with 

20 an overcoat layer was obtained, in which a layer 

containing the electron beam cured resin is served as 
the second intermediate layer, 
polyur ethane emulsion 
(trade name; "UE-llOl", 
solid cone. 35%, 
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product of Toagosei Co 



Ltd. ) 



92 parts 



Kaoline (trade name; n UW-90", 



product of Engelhard Corporation) 



65 parts 



Potassium stearyl phosphate 



(trade name; "Upol 1800", 



solid cone. 35%, product of 



Matsumoto Yushi - Seiyaku Co 



Ltd. ) 



8 parts 



water 



35 parts 



[0042] Example 3 

A heat-sensitive recording sheet was obtained in 
the same manner as in Example 1 except that in forming 
the overcoat layer, a mixture obtained by kneading 28 
parts of epoxy resin (trade name; "Cyracure UVR-6110", 
product of Union Carbide Corporation), 60 parts of 
triethylene glycol divinyl ether, 2 parts of cationic 
photoinitiators (trade name: "Cyracure UVI-6990", 
product of Union Carbide Corporation), 10 parts of 
calcium carbonate and 20 parts of 2 - ( 2 ' -hydroxy- 3 ' - 
allyl-5 ' -methylphenyl) benzotriazole was applied to the 
intermediate layer, and the resulting layer was dried, 
such that the coating amount after drying was 2 g/m 2 . 
[0043] Example 4 

The procedure of Example 3 was repeated except that 
before irradiating the overcoat layer with electron beam, 
procedure of Example 2 was repeated, whereby a 
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heat-sensitive recording sheet provided with a layer 
containing the electron beam cured resin serving as the 
second intermediate layer was obtained, 
[0044] Comparative Example 1 
5 A heat-sensitive recording sheet was obtained in 

the same manner as in Example 1 except that 2-[2'- 
hydroxy-5 ' - ( 2 ' / - 

methacryloxyethyl ) phenyl ] benzotriazole was replaced 
with 2- ( 2 ' -hydroxy-5 ' -methylphenyl ) benzotriazole , 

10 when forming the overcoat layer . 
[0045] Comparative Example 2 

A heat-sensitive recording sheet was obtained in 
the same manner as in Example 3 except that 2-(2'- 
hydroxy-3 ' -allyl-5 ' -methylphenyl ) benzotriazole was 

15 replaced with 2 - ( 2 ' -hydroxy- 5 ' - 

methylphenyl ) benzotriazole employed in Comparative 
Example 1, when forming the overcoat layer. 
[0046] Comparative Example 3 

A heat-sensitive recording sheet was obtained in 

20 the same manner as in Example 1 except that 2-[2'- 
hydroxy-5 ' - ( 2 ' ' - 

methacryloxyethyl) phenyl] benzotriazole was not 
employed, when forming the overcoat layer. 

The heat-sensitive recording sheets thus obtained 
25 were tested for the following properties and the results 
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are shown in Table 1 . 
[0047] 

(1) Color Developing Properties 

Using a thermosensitive printing tester (trade 
5 name; "TM-PMD" , product of Kabushiki Kaisha Okura Denki) , 
image was formed on each of the heat - sensitive recording 
sheets at an applied energy of 0.45mj/dot. Then, the 
density each of an unrecorded portion and a recorded 
portion of the obtained recorded image was measured using 
10 a Macbeth densitometer ("RD-914 type", product of 
Macbeth) . 
[0048] 

(2) Gloss 

The gloss of an unrecorded portion was measured 
15 according to JIS-P-8142. 
[0049] 

(3) Light resistance 

The heat -sensitive recording sheets having the 
recorded image for evaluating the coloring developing 
20 properties were exposed to direct sunlight for 10 days, 
and thereafter the density each of the recorded portion 
and the unrecorded portion was measured using a Macbeth 
densitometer ("RD-914 type", product of Macbeth). 
[0050] 

25 (4) Plasticizer resistance 
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A wrap film (trade name; "KMA-W" , product of Mitsui 
Toatsu Chemicals, Inc.) was wrapped 3-fold around a 
polycarbonate pipe (40mm diameter) . Then, the film was 
covered with the heat - sensitive recording sheet having 
5 recorded images for evaluating the color developing 
properties, and wrap film was further wrapped 3-fold 
around the heat - sensitive sheet. Then, it was left to 
stand for 24 hours at 40°C, and the color density was 
measured using a Macbeth densitometer ("RD-914 type", 
10 product of Macbeth), so as to evaluate the plasticizer 
resistance . 
[0051] 

(5) Oil resistance 

Edible oil was applied to the heat - sensitive 
15 recording sheet having recorded images for evaluating 
the color developing properties. Then, it was left to 
stand for 8 hours at room temperature, and the color 
density was measured using a Macbeth densitometer 
("RD-914 type", product of Macbeth), so as to evaluate 
20 the oil resistance. 
[0052] 

(6) Head matching properties 

Images were recorded for 20 meters on each 
heat-sensitive recording sheet in the same manner as in 
25 the color developing properties evaluation, and then 
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residual substances sticking to a thermal head was 
evaluated visually and rated on the following evaluation 
criteria . 

[Evaluation Criteria] 

O : no residual substances sticking to a printer head 
X ; much residual substances sticking to a printer head 
and partial recording problem encountered 
[0053] 
[Table 1] 
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[0054] 

[Effects of the invention] 

As is evident from results shown in Table 1, the 
present invention provides a heat - sensitive recording 
sheet excellent in light resistance, plasticizer 
resistance , oil resistance and head matching properties . 
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»7S H, ^f-o-^^-ygTS h\ *M y&7 
[ 0 0 1 2 ] 3 4>fc, a^ftlfll!H^fc:tegW(c 

*?*/k*/W7 * :m7l?'t h y >7i>,. Kf^Ky-b' 
y XlV 7 * yK7 h V «7 A , 5 "7 U ^7^3 -/H3SKX 

OD^M. 1,1. (2-^f^-4-tK 
D^y-5-y?nM^7i-;H 7"?y. 1, 
1, 3-hU^ ( 2-7f-;P-4-h Fo*^- 5-te 

rt-7*f-^7x-;P) 7**y, 2, 2' -.*^yt*x 

(4, 6-^'-tert-7*f-;U7x-^) yyKV-^ 

[oo 1 3] ttz. i&miz&tx&tmfrWA. mit 

*Hfl:7A'$-9A. R&A^A. flSKSK. 9iV 
9. j&*U>\ 9U-. m.9V-. 3n-f^iJ* 
Mwmmft* X+VW4 9w»—* % Woym 
^yxf-lx-yy^^-, fBR#;k?'J>1Mt7* 

[0014] ±ia^ft£*m£irtflE£§Jf fflMSSSti. 

l*tt$I§fc LTJi ; ^fUy-7"?^iy*i^*iv 
A^'a y. Hf-^-atf-^-xfuyM^ 
3 y . 7 ? 7 'J U- F - 7*7 i/'iyM 

□-7., t)iVit*v*^iV**iVu-X^ -*£y1->. *-bf 
-fy. 7?t'7d&. #V\i-lV7lVa-)V^ 
J-]/>-m*-? Is 4 X^\sy-<mfc7 

wvi»«*fWL ^u>-79vm*matte 

frfc, 8»ffI<0ffiffl»±Sgaa»l^lI^<02 0~5 
0M%, »4L<li2 5-4 0MX^«llTm»S 

[ooi5] sgfefEiUiffl^«sa<o^fp*atov^ 



-f-iy/, X7-t'f7 3-f^y/. D-yH7*V- 
Hn-r-fy/. taT-yi/-H3-f<y^ v-g 

-hfiX/l/3-f-(y/, 7>(?D/7b73-f'f 

&i>(DTii%<. SM»8iMT2~2 0g/m* . » 

nmmizaai-im. imfsmwat: t 

[0016] ^m^affidettficCti, *>< LTf*«i 
fcJ8SRie8*±fc. *-f+ISUB£Stt6t,«D-ca4#, 
£tf)*£*><MaBi:LTtt. ®S««fc*1x©lilS-±jS 

l>. ^7-Vfc*fcti»#7Wt*yt'x^7^:3- 
IV. b*^7;l^3-;Ki^ry5:raE?^:l.^t' 
LT7-fe h7-fef-A*«:WAUfc7-fe hT-bfWMf'J 
t*x^7/W=i-/k tf'J €~iV7ivzi-ivt y-7ivm.. 
iE*7-7/HL Urth'J-X-yFK, fe-M^ayl^cT) 

^ffi^/^yet^Rjefeftsv^i^ix^toRiJjfijox 

K, 4 9?>M. 9vh>&. 79V/VM. X979V 

->w mmt'-frtx.j-u>x>i>*>M^ 7V)vx)i>* 
ywrnnitv? a yx)i>*>mt>&w*zni&t<7>g£. 
GtoM-yWht Lx®bixhX)V*ymt&xv fx 

>V7)Va-iV, WW£-)Vlx.j-\sy^ Tntl/y, -i 
V7"?-py, a-^fy, a-Kfby, a-^^^ 

Yr-tymm < y®.t<r>m.isw*7-yitLxn 
ktihtv? <ym.xw-tv7)v?-tv. m&z- 

IV b 79 V ox h >J iv ^ * 9 9 V ox h "J ;Hf<7>- h g 

ivmbcD&maftO'iryimt i-cnbtit-hv/w 

&XVh'=.lV7)V3-lV. m££-lVt79 V>V7i 
K, 7^7 U/U75 K«>rs HffltOfta^SrT-y 

t'x^ t n - h'x^e o y h y t ^tt: £9yfcL 
•C#4.fiStfa«j Hy^tt^U t'x/P7;U3-;k ^f- 
/Hr/WD— x-f-;H:;WD-7x v h Ho^f xX^-yH* 
;l/D-7. N *;Ui<df^7f-;H:^o-7x^<7)-fe^D-x 
8»M(. ^-b'-fy, 7^h'73-A. IHfciKflh x-r^ 
«, ^'7;Prt H» s x*f7WU|»*tf)W& 
9(, x^l^y-7^i/'xy^a^f^a:-7/l,v'3y, »K 
t :-iv-&iW-iv-z.i-]s yp-m-SfccriVi; 3 y , 
*99VU-h-9'9 vxyfta-g#xv;u-/ 3 y . 
y-7i/^yxvyi/^ 3 yin:'*5. dii^o^ttffifli^ 

«t''Ct)«-a^tt^y t'x;P7;P3-;P N -b;l/0-7.^ 
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y t'-*7*3-*&£V*)U#*i'%&#V t'x;ur 

0~5 0«M%. #£L<{il5~4 0Sfi%<9tEB-C' 
[00 17] *MlCtiyad*ltM4fc LXitT 

sMumwrmztLi. msamv^-u. mam. m 

;US->>A, gSKSIS. 9*9. 

y. 9U-. ffis&.9U-. aD^^>J4«^MM 
fl, xfvyv>f ?n#-/K t-fow^/-, #y 
XfUyA'-)^-, g£ • *;U-?y ygjfli? < 5-s 4 

«. HRtc*ttxnft» i o oaa«t»LT 5~5 o 

OSftSS. Jff* L<ti8 0-3 5 0ftia5 

it) mmomxm^tih, 

[ooi8]$ uz^mmmmm (mm) +c 

a«K^y7A, TStimry*-*rj». mm 

V-9. fifcSSZft. fflHL «ftT 

y*7A, XfT'JySTSK. ^rT , ;^ l JyK* l J'7 

V-/9X. XXf/l/^y^X^ffiffk i?*9 J h)VX)V 

t^J\9Wli-bV^^ Vr^VKy^y 

+ hV *7J>. 5*7 'J*7*3-*%m^A7-*—r V 0 

[0019] +IOT*#J^*fc**>$»»Ji. hwc 

*imwmsLt lxwmzh* imiz&txi*-?-. 

miz* *)$mi»iB±iizmiiitii. mm&. mtm* 
mtw<7)®m?)mi*bLxii. »cRj&&*ist>*> 

"Cfcttrv^ 0 . 1 g/m* m<?>i$r&lzlt. 

titthhtt. -mz\m®&&x'Q>. i~2o s /m 
2 , »iL<{io. 5~iog/m* nxf/maxm 
zti&. ttz. imi/zmtxtgmumxowmwtizti* 
mm t mmmmzmt z t izx ->x-mm&& 
-&tbiztwx*&. $$fmzTm*)m*Witt 
fc 1 ?. x-rt-^^vvy-mx^mwmzLizr). 
tm^m^mmmmmt. ®my<MzMT?h 
m. mmmmmmiz&m&wn&mmitfm 
cjs txmu Lnz> i><7)xh h . 



[0020] immt. *»< ix&f8.zhfz*ffia±.tz 
wmtz£r,xm.iiittz®m*mi*-><-3- 
m. hh^m=mi l z£'>xmtzitti®mtt-t 

4«*»2O+iaHitLT19E<0+ISWi±t:aWt, 

&tzmxvf?mffitz£'>x. mtztitimm®. 
miKtzzizbi. 

[oo2i] mvx. xwniz&^x. imzti&m? 
vmwmmt txiiTinz^-tx o y 

(a) y-jijivm^m^y^-tLx 79 v* 
k, r:?y/n?x^/K ^v-^r^uw-h. 2-x 

f-;l^3f y;P7? Ul'— K 2 - h H odf i/X^PT ^ 
U b . 2-t Fu*i/7nt°)\,79Vl— K fh 
y\zFvy*yV*79 , JU-h. 7x/^fyXf;1.7 

huodf^xf-^r^y^-h. /-^7 

>}-df>-xf-/Wr^ l JU'-b. 1, 3-i?**V5>79 
Vl/-h. •73.J*WJX.1rW9V^l-lV79y\s- 
Y. Ky i J)V79*)V—V. rh^^^*79V\y- 
h. ^9u^^*79VU-h. isi/9w<>9-l\> 

[0022] ( B ) JiftfrW&V&W&tS'V-k. L 
T; 1, 6-^^> : J^-* i J79^V-Y. W< 
yf-)l9 0 3 -;U^*T 7VU-b. y'xf — 

1WJ79 uu-b. h y ro y 3-;u^r ? y 

ryn-^^r^yu— ^y^xuxy h-^^r 
^yw-b, hy^o-^7-o;\-yhyT?yu- 

7*Dtwy^-df^h'^14hy^f-n-;PTn J 's"yh 

yr^yu-h, ^y^xyxy h-yi/byr^yu-- 
^'hy^f-n-^ro^yf h^r^y u-h, y* 
^y^xyxy h-;^dfifT^yw-h, *7P7? 
h y^tty^y^x y x y h-;i/^-9-7^ y h . 

r h 7* f-o-;M ^ yf h y7 9 V V- Ymxhh . 
[0023] ( C ) y isiitl>W&'&* 0 tt- ( TV* 
yv-) t IX ; ^yxxr^ (^»J ) 79VU-b. 
XV*?V9> (XV) 79VV-Y. x,-K4f^ (^y) 
79VU-b. XV*-)l> (*f'J ) 79>JU-h. =y'J 

a-y (*fy ) r^y u-h^x-foz. $^t, 2-^ 

/I/X-t/K 4-t KnJf j/7f ;l/t-yn-f^. h 
yx-fyy^yn-/Uvh*x;ux— f;w N i, 4^y? 
o^if y y'^< ^ y -iV~J t'x;ux-r^<?5* f-* y 
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v [0024] ^fc. Af^yi^tttyv-itii/t) 

J:tf*y=fv-£B&'***£fcfcL iittvmsWfo 

wfi-mx-hz,, z<7)£o%/jj-*ynafflimt ix 
m^&fcj: o , tttyw&zmte^&WRx-b 

xn^i-^A^ *?a*yft& 

&tLX\i, VS^tt* ti/fc X If* 
y:fv-10 0S«Sfc*fU 0. 1 - 1 OSfigggS 

* o i< . io sassa* « t . 

#5*IE»ffl* (Tg) *U 5 OTUSUb-CfcSWFlJHS 
[0025]**:. «^SftttKlii«^4't=(ifrieo 

[0026] H*fc. ^OTWKftttffillgfc LTti. ffl 

itfr^y^MBii. ^yayfWs T>v*-ymm. y 
z^mMmuzmmt t:\xm. m&Lxmm 

Wot. *?IHMfcfflBllii:ft#afl:S-fr6ii:OT' 

%%^~w&mmwmx'$mt%hTv y?-^-v 

&z±miz®mx'Z izt Sr^aj Lt&x-hh. z<r>m 
^RjettzMS***** <yv v y rv-*««M- 

mn-zmmizMt. i~5oaa%, #^u<«i5 
~4oa»%oigffl-cira85^ix5. « 

fc£ffl»frfc*tU 1 0~9 9«fi%<0KIStiHSif$*l 

[ o o 2 7 ] *ic, &mz.m&&*rr&'<yY b y 
ry"-/wR«n«iwroMi: Ltit ( * ? ) 79 y /m- 



A'*SI&*«raWW*3fU CT^.tf2 - c 2 - - 1 K 

o*^-5' - (2" -y^r^y^^vxf-^) 7 
x-^D^Vhyry-yk *>&^«i2- (2' -t 

[0028]^t>. Rjtatz^s-££#-r s^yy h y 

.sa^-x vjixjjum&gmmt ixn-tz 2 - 

C2' - (2" -*9T9VMfr 

Wctf*U\ *fc. 7»)\&*'%tmblX*m2 
-(2' -tKa*J/-3' -ry^-5' 

x ovb yrv-;^J®-^<ih'r.;ux— f;PiS 
[0029] iJE<OSo#RiEttzaS-&S:*f S^^V 

iiStWJi^rv^', S^K. 0. lg/m 2 
^B^0fM^m^'«S#T'^-f. 2 0g/m! 

jWB&SilSfcftfc. jiftttO. I~2 0g/m2 s i 

o»*L<«io. 3-iog/m^ «e»rsiBfS*i 

[0030] *^OiSfi|e^i: LT» iiS?) 

tLxm?h77*i-y9y < >uj»±., t>i<imm 
9yo\sJ>ffiw. twi&mmm (we^ik 

l?M^J:0^-A-ri-M^2O4'^«'MS 

[ 0 0 3 1 ] 5:13. SlS^i: LXtemZiXbTJXI- 
»,97i)VJxk LX\i. mzmfeZti&l>OX'ii%< . 

04* if #y xf-v yf ^ h 7 /i/A^ y rn 
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tX 3 ai- JaSSrffoT kHv\ 
[0032] *HBHt*i^t . mttl9r¥W0Mtt 1 
5 0kGy jaTjWMU*. EMC. 1 5 OkGy 

)£*-*i*>T»i$rVMF. J3rM?>2&IIS:i#l>J:?10kGy 
JELbWMU*. fcis. ffFSWaSBtfrsSfc LTii. M 

Kt'-A;fr^*<8fflT'^ !BOT*Ra2ll&KEiil 
0 0~3 0 0KVgJg£#2SST$>&. &fc\ SftttfcL 

3- : J (ti-7+A') t^j-s-m-iv-i -t-V J7)VJ[vv 



S. 

[0033] 

[XttM] JaTfcSBWttWT. *JHH*Jl*ttteK 
v\ $ri>, m*cr> r&j fc^yr r %J uwcK^^v«l 

[00 34] JtftMl 



3 OSS 



X1-)V*.)Vu-X5%. 



[0035] 



[0036] 



2, 2-t*X (p-tFn*x7x-/U) W> 

* 1~)V*.)VX3-X 5 

* 

(3) Cfcpg! 

[0037]© 

A?K5 0^ BfK 10 035, C&3 535. SBI7T7 
7* (BhPtffe : #V 7 y 7 7 5 0 K/=#JMEttll) * 



6 51$ 



5 0SB 
4 5gJ5 



fcj:tf*4 5ass-ji-£Lfei§ 



4 035 
5gfl 

5 5& 

X&-iS>?LX$Lm&?)m8&ti i 5 g/m 

2 iz%mt,zm&M.zmL. mmmznt:. 

[0039]© 4>IMa#J£ 



3 OS? (HJ^i: LT) 

[ 0 0 3 8 ] *>< lX'&khtztm&i$3mX'&Z>£ 

T-b F7-fef-;WbK'J ^~)V7)VO-)V (|QA« ; Z - 2 0 0/B*^lftft*tt 

sa)^io%*}t?s ioo& 

(ffia^: UW-90/xyy^A-Kttil) 2 0& 



[0040]© ^-A-a-M^)M 

MBA ; PET-3/SI-Ig$SlgltS!) 9 085. & 
B^v"7.kl 018. 2-C2' -tFo*^-5' - 

(2" -X^T^U/l^xXf-rt/) 7x-;l')'CV > / 
h 'J 7V-*2 OgBSrH*o-;PS^-CS^t^S^?R 
MaWWtt*^ g/m* fc&£J:-3tc^f|jL. 



235 
4 035 

hny*-f^im«l (CB : 1 5 0S/E 
S IttU) X'A OkGy tt!RN4ftftT^L?aUilfi#* 

[0041]^S6W2 

hmct i fcfcwc, uttn i OTf-yN-a- vmizn? 
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i. o izwmm i . *<r)mw£m=Fsmimmmt 

&*)&btt®. y <>\,Affim£ hay *-t 

>mm?msmg <cb = i sos/EsittSi) * 

**y> mOA: UW-9 0/iy 
3 5%) 1S*?ifiBiS{^tt8) 
[004 2] 3ttt0!3 

+BW±fcJWKxj|f4fS4iB (iffifiKfe ; CyracureUV 
R-6 1 1 0/3L-*y*-;U httS) 2 8SB. MJ 
xf-uy^ya-^yt*^.;Px-f^6oa. H**v 

1&mm (fiii&S : CyracureU V 1-699 0/3.-* 
y^w^hftg) ftI»/l'S">A10a, 2- 
(2' -hh'ndf^-3' -ry/P-5' -^f;P7x 

-;w> yry-^2 o«*=*n-^s^-ca 

* LfctwusatH i fc h«(c ixmtm&i®tz. 
[0043] mm* 

wc. sasff!2kHatt:u-r* ; FaflMHHiiitstzo«f 
fc. 

[0044] Jttfcffll 

2- C2' - (2" -^T? 'J/P 

^jfyifin 7x-w ^yy>y7y-;uoffcb9 

fc. 2 - (2' -^f;l^7x-;M 
Kyy h 'J 7/-;^ffluttWiIiM 1 1 H*t L 

[00 4 5] Jt®0fl2 

2- (2' -th'Ddr^-3' -ry;P-5" -^/P 
Ur2-<2' -tFD^-5' ->f*7xS*) 

^yy* h y rv-/i/*fflvvfcjawi«t«3 1 H«fc t 

[0 04 6] #8^3 

2- C2* -t - (2" -^fT?*)/!/ 



ffl^T. 4 0kGy OBRftttt?fflSL?ttttJ&#*flM: 

^'Jx^^yrU7^U-h7^;UASriiJ**t 
T. «^«Mt££W**«£Sg2<9+|§Bi-$-£ 

UE- 1 1 0 1/ (S^3 5%) 3KE£ 

9 23 

y/^N-HttH) 6 53 

( MA« ; V-X-iV 1 8 0 0/ ( ®^ 

83 
3 53 

[0047] (l)fcfett 

#Jg^JEI§tt£!&MaJBf« (TM-PMDi/^ 

#m®*tK ) *m»x . EPJnx*/^- 0 . 4 5 m j / 
3?>IlJg$:V?<X?f}EH- ( RD -9 1 4i/V?^ 
[0048] (2)ffiR& 

fi«3<7)3ftK££J I S-P-814 2tdPfCaS^L 
fc. 

[0049] <3)»Sfitt 

10BIS»U:«L *«E»aHJJ:Vita«»^aa* 
7?^X»£th (RD-9 1 4M/V^"<XttS) T-S} 

«us. 

[0 0 50] <4)»»jaR!ltt 

h^t-f 7" (40mm ^f) ±(C7-yT7 
-f/UA <ffin a p£ ; KMA-W/=#*EflS«t») $-3 

^fBHfis5rS#. * MzZni.lZ? yTy 3 

sceswt. 4ox:?24i«attELfctt<o$tt&»uK 

£v?^x^fHRD-9 14M/7?^x*tfi) T 

[00513 (5) mm. 

m%mvmx^zixrzmgs®&±.iz&mm$ 

mm (RD-9 14M/V^Xtt8) TffljgU w 
[00 52] (6) 

«SftyBftfr*%&ttOlMI t HSMc IX. 2 0 mtm 

xA7HWf< -aw*?***** i. 

[0053] 
[«1] 



(9) 



&m i 9-234957 











M* 














Kj$9> 












1.8 3 


a o 5 


8 3 


1.7 0 


ao 9 


1.7 8 


1.7 5 . 


0 


mmm 


2.03 


0.0 5 


1 0 0 


1.9 0 


a i o 


1.9 9 


1.9 5 


o 


nmm 


1.7 8 


ao 6 


8 0 


1.6 6 


a i o 


1.7 4 


1.7 0 


o 




2. 0 0 


ao 6 


9 8 


1.8 7 


a i o 


1.9 4 


1.8 9 


0 




1.8 3 


0.0 6 


8 3 


1.6 9 


a id 


1.4 9 


1.3 2 


X 




1.7 8 


0.0 6 


8 0 


1.6 6 


a i o 


1.4 0 


1.2 8 


X 




1.8 5 


ao 5 


8 5 


1. 1 4 


0.2 8 


1.7 8 


1.7 5 


o 



[0054] comimmmm:. m^mm. mm., axv^ 



